Hysterectomy-derived germ-free guineapigs were given colonization-resistant caecal flora from mice (mCRF) or microflora obtained from the caecum of an antibiotic-decontaminated conventional guineapig (gpCRF) and compared with guinea pigs raised conventionally with the sow. Body weight and the following intestinal parameters were determined for the groups: colonization resistance (CR) to Escherichia coli, relative caecal weight (RCW), j3-aspartylglycine (faeces), volatile fatty adds (caecum) and bile acids (faeces). mCRF guineapigs showed values quite different from control animals for CR and RCW, indicating the unsuitability of mouse CRF for normalizing guineapigs. In gpCRF guineapigs CR and RCW values were comparable with controls, indicating the suitability of the guineapig flora for normalizing guineapigs. mCRF guineapigs housed with gpCRF guinea pigs, showed an improvement in CR and RCW, yielding values found in control animals.
Summary
Hysterectomy-derived germ-free guineapigs were given colonization-resistant caecal flora from mice (mCRF) or microflora obtained from the caecum of an antibiotic-decontaminated conventional guineapig (gpCRF) and compared with guinea pigs raised conventionally with the sow. Body weight and the following intestinal parameters were determined for the groups: colonization resistance (CR) to Escherichia coli, relative caecal weight (RCW), j3-aspartylglycine (faeces), volatile fatty adds (caecum) and bile acids (faeces). mCRF guineapigs showed values quite different from control animals for CR and RCW, indicating the unsuitability of mouse CRF for normalizing guineapigs. In gpCRF guineapigs CR and RCW values were comparable with controls, indicating the suitability of the guineapig flora for normalizing guineapigs. mCRF guineapigs housed with gpCRF guinea pigs, showed an improvement in CR and RCW, yielding values found in control animals.
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Hysterectomy-derived germ-free (OF) guineapigs given aerobic and facultatively anaerobic bacterial species, such as Escherichia coli, Streptococcus faeca/is and lactobacilli, with the Received 20 February 1987; accepted 27 May 1988 aim of facilitating adaptation of the animal to a more complex microbiological environment, showed a mortality of more than 75070due to enteritis caused by the bacteria that were deliberately given (Owen & Porter, 1967; Haacks et al., 1973) . Since, in the intestinal tract of weaned rodents, 99% of the total number of bacteria are obligate anaerobes which contribute to resistance against pathogenic bacteria, we have dosed our OF guineapigs with a strictly anaerobic colonization-resistant enteric flora of mouse origin (mCRF) (Van der Waaij et al., 1971; Wensinck & Ruseler-van Embden, 1971) . However some of these animals developed pathological lesions which were associated with the isolation of aerobic and facultatively anaerobic microorganisms, suggesting that mouse enteric flora did not provide guineapigs with sufficient enteric colonization resistance (Boot & Walvoort, 1986) .
A number of parameters can be used to assess the degree to which microfloras are able to transform OF animals into counterparts with normal physiological functions and a balanced microbial population ('normalization'). These include colonization resistance to E. coli (CR) and relative caecal weight (RCW). From parallel experiments in mice and rats, it was concluded that in these species at least part of the enteric micro flora should be considered to be host or species specific (Koopman et al., 1984a) . mCRF was found unsuitable for normalizing germ-free rabbits, whereas clearly better results were obtained using a rabbit caecal flora (Boot et al., 1985) .
The aim of this study in guineapigs was to compare the normalizing capabilities of caecal micro flora of guineapig origin with those of the CRF of mouse origin, using conventionally reared guineapigs as controls.
Materials and methods

Donor animal
The caecal flora donor was a Dunkin Hartley guineapig, obtained from a commercial supplier. The animal was housed in a stainless steel wire mesh cage and fed LC 23B pelleted diet (Hope Farms, Woerden, The Netherlands). To eliminate Enterobacteriaceae from the gastrointestinal tract, the animal was orally treated for 14 days with trimethoprim in the drinking water: 8 g trimethoprim and 6 ml lactid acid were dissolved in 300 ml water (10 min, 60°C) followed by the addition of 250 ml sirupus idaci (Brocacef, Maarssen, The Netherlands), 450 ml water and thorough mixing. The guineapig was then killed by stunning and the caecum ligated and introduced into an anaerobic glove box (Koopman et al., 1973) . The caecum and its contents were homogenized and 10-), 10-3 and 10-5 dilutions were made and stored at -70°C until use (Boot et al., 1985) .
The anaerobic bacterial count in the donor animal on agar plates (Koopman et al., 1983 )was estimated at 7·4 X 10 8 cful g caecal contents while the aerobic bacterial count yielded 4'7 x 1()4cfu/g caecal contents. Enterobacteriaceae were not detected on Levine-EMB agar (Difco) in 0'1 ml samples from the 10-) dilution.
Germ-free guineapigs OF guineapigs were derived by hysterectomy from conventional sows and raised under gnotobiotic conditions within a stainless steel isolator system (Boot & Walvoort, 1984) . All animals were fed autoclaved (121°C, 120 min) semisynthetic L 478 diet \ (Tekland Test Diets, Madison, Wisconsin, USA) up to 2 weeks of age and subsequently 2· 5 Mrad 'Y-irradiated LC 23B pelleted diet (Hope Farms, Woerden, The Netherlands). The germ-free guineapigs consisted of 2 groups of 12 animals. The first group was 49 given colonization-resistant flora from mice (mCRF) (Van der Waaij et al., 1971; Wensinck & Ruseler-van Embden, 1971 ) by oral administration of O·5 milO -I diluted caecal contents of mCRF-mice in PBS pH 7' 2, at 6 days after birth. The second group was given flora taken from the trimethoprim-treated guineapig (gpCRF) by oral administration of O' 5 ml of glycerol-buffered flora suspension (stored at -70°C) in dilutions 10-5 (day 6 after birth), 10-3 (day 8) and 10-1 (day 10 and 28), respectively.
Six animals from each group of hysterectomyderived guinea pigs were killed and intestinal parameters determined at the age of 6 weeks. The remaining guineapigs, consisting of 6 mCRF associated animals and 6 animals given gpCRF, were thereafter housed together and intestinal parameters were determined at the age of 9 weeks.
Control animals
Six conventional guineapigs (Cpb-GpDh 81-Dunkin Hartley) born by natural delivery, were raised with the sow and were fed 2· 5 Mrad 1'irradiated LC 23B pelleted diet. The animals were housed within a stainless steel isolator system at the age of 3 weeks. Animals were killed and intestinal parameters determined at the age of 6 weeks.
Determination of intestinal parameters
Colonization resistance (CR) to E. coli, relative caecal weight (RCW), j3-aspartylglycine (faeces), volatile fatty acids (VFAs) (caecum) and bile acids (faeces) were determined as described by Koopman et al. (1982) .
Results
The bodyweight in guineapigs given mouse CRFflora (mCRF) or caecal guinea pig flora (gpCRF) were lower than in conventional animals at the age of 6 weeks (Table 1) . Colonization resistance (CR) in mCRF guineapigs was severely impaired compared with CR in gpCRF guineapigs and in conventional controls. Total volatile fatty acid (VFA) levels in caecal contents in conventionally raised animals were slightly higher than in mCRF and gpCRF guineapigs. The 3 main VFAs C2 (acetic acid), C3 (propionic acid) and C4 (nbutyric acid) constituted about 800/0, 5% and 15% of the total VFAs respectively. Relative caecal weight (RCW) in mCRF animals was nearly twice the value observed in gpCRF guineapigs which showed a RCW similar to conventional controls. Group mates of mCRF guineapigs and gpCRF guineapigs housed together at the age of 6 weeks showed within 3 weeks an increase in bodyweights of 108g and 232 g respectively compared to their group mates aged 6 weeks. The formerly mCRF animals now showed CR values equalling and RCW values approaching the values observed in all other groups of guineapig flora associated animals. mCRF and gpCRF guineapigs housed together at the age of 6 weeks showed a limited decrease and a clear increase respectively in VFA levels after 3 weeks compared with their counterparts aged 6 weeks. Bile acids (detection level O' 05 Itmol/ g) and~-aspartylglycine were not detected in faeces of any of the groups. Diarrhoea was not observed in the 5 groups of animals.
Discussion
Hysterectomy to establish SPF colonies of laboratory animals inevitably leads to loss of the normal (autochthonous) flora as initially GF animals are obtained. GF animals differ considerably from their conventional counterparts in many physiological, notably gastrointestinal parameters (Heneghan, 1984) . To normalize GF animals different microfloras have been given and the degree of gastrointestinal normalization has been assessed by a number of parameters in floraassociated animals and conventional controls.
That VFA levels in the caecal contents of mCRF and gpCRF guineapigs (Table 1) were comparable seems surprising as mouse caecal flora showed a limited cellulolytic activity in vitro compared to guineapig caecal flora (Juhr & Haas, 1976 ). The relatively low VFA levels in mCRF and gpCRF animals compared to conventional controls might be based on the absence of particular cellulolytic bacterial species, due to an inability to colonize a different animal species (mCRF animals), or to the antibiotic decontamination of the flora donor or the use of diluted caecal flora suspensions (gpCRF animals). The percentages of the 3 main VFAs in mCRF, gpCRF and conventional controls, indicated that in all groups microbial degradation of carbohydrates had occurred (Hagen & Robinson, 1953) .
-Aspartylglycine, which seems to be unique to the caecal contents of GF and antibiotic treated mice (Welling & Groen, 1978) , was absent in both mCRF and gpCRF guineapigs and could indicate normalization. However, in GF mice (Welling et al., 1980) and rabbits (Boot et al., 1985) after association with a micro flora, the return of this substance to normal, undetectable, levels is achieved earlier than normalization of other gastrointestinal parameters.
Based on VFA levels (Table 1) , VFA composition and the absence of {1-aspartylglycine in faeces in OF guineapigs dosed with mCRF or with gpCRF and in conventional controls, it might be questioned whether guineapig flora is more suitable than mCRF for normalizing OF-guineapigs. Studies in mice (Koopman et al., 1977) , rats (Koopman et al., 1984b) and rabbits (Boot et al., 1985) , showed that the suitability of intestinal flora for normalizing OF animals might be best indicated by the number of Enterobacteriaceae in the faeces (CR) and the RCW. Considering CR and RCW the most relevant parameters, our results (Table 1) indicate that mCRF was unsuitable for normalizing OF guineapigs. The gpCRF clearly normalized OF guineapigs, by yielding CR values equalling and RCW values approaching conventional controls.
It is of interest that abnormal group mates of mCRF guineapigs, housed with gpCRF animals showed nearly normal (conventional) CR and RCW values. This suggests that gpCRF was, within 3 weeks, spontaneously added to the mCRF and may have wholly or partly replaced the mouse flora. This further normalization of mCRF animals lends support to the speciesspecificity of enteric flora and suggests that the incidence of opportunistic, mainly enteric, infections in SPF-guineapigs associated with facultatively anaerobic bacteria (Owen & Porter, 1967; Haacks et al., 1973) or with mCRF (Boot & Walvoort, 1986 ) might be reduced after the introduction of gpCRF animals into the colony.
Ouineapigs initially dosed with mCRF but later housed with gpCRF animals showed, at the age of 9 weeks, a lower bodyweight than their gpCRF counterparts, indicating growth retardation in the formerly mCRF animals, since at the age of 6 weeks bodyweights in mRCF and gpCRF guineapigs did not differ (Table 1) .
Formerly mCRF guineapigs also showed lower VFA levels compared with the guineapigs initially dosed with gpCRF, which might partly explain the growth retardation because part of the energy requirements in guinea pigs are met by fatty acids absorbed from the large intestine (Henning & Hird, 1970) . CR and VFAs values in the different groups of guineapigs do not support the hypothesis that a VFA levelof at least 50 ILmol/ g would be necessary for an antibacterial effect against E. coli as was found in rabbits (Prohaska, 1980) . We conclude that colonization-resistant flora of mouse origin (mCRF) is not suitable for normalizing OF guineapigs. Almost complete normalization can be obtained by using a host or species specific guineapig caecal flora. These organisms can be transmitted spontaneously to and can further normalize mouse flora associated guineapigs. The use of this species specific flora will presumably reduce the rate of opportunistic, mainly enteric infections, in hysterectomy-derived barrier-maintained guineapigs. Hagen P & Robinson KW (1953) The production and absorption of volatile fatty acids in the intestine of the guinea pig. 
